The inhibition of high-affinity isoforms of the Na + ,K + -ATPase by nanomolar levels of ouabain has been proposed to enhance the actions of vasoconstrictor agents that act via a Ca +2 -dependent mechanism. The present study tested this hypothesis by evaluating the effects of ouabain (6 and 18 g/kg, i.v.) on the vasopressor actions of phenylephrine and norepinephrine in anesthetized, reflex-blocked rats. In separate groups of animals, dose-response curves for increases in diastolic pressure produced by phenylephrine were generated after the administration of saline (control), ouabain (18 g/kg), L-omega-N-nitro arginine methyl ester (L-NAME, 3 mol/kg) and angiotensin II (15 ng/kg per min). Treatment with ouabain (18 g/kg) produced an increase in diastolic pressure of 19 ± 3 mm Hg but did not significantly alter the potency or maximal response produced by phenylephrine. In contrast, treatment with angiotensin II and L-NAME, agents known to enhance the actions of ␣-adrenoceptor agonists, increased the potency of phenylephrine. In animals in which the pressor actions of norepinephrine were evaluated before and after the administration of ouabain (6 g/kg), ouabain did not alter the pressor response to norepinephrine. Blockade of ␣-adrenoceptors with phentolamine was found to attenuate as well as partially reverse the increase in diastolic pressure produced by ouabain. These observations suggest that ouabain produces a pressor response by actions on sympathetic nerve endings as well as on vascular smooth muscle and that these actions do not alter the sensitivity to phenylephrine or norepinephrine. Key Words: Ouabain-PhenylephrineNorepinephrine-L-NAME-Angiotensin II.
Summary:
The inhibition of high-affinity isoforms of the Na + ,K + -ATPase by nanomolar levels of ouabain has been proposed to enhance the actions of vasoconstrictor agents that act via a Ca +2 -dependent mechanism. The present study tested this hypothesis by evaluating the effects of ouabain (6 and 18 g/kg, i.v.) on the vasopressor actions of phenylephrine and norepinephrine in anesthetized, reflex-blocked rats. In separate groups of animals, dose-response curves for increases in diastolic pressure produced by phenylephrine were generated after the administration of saline (control), ouabain (18 g/kg), L-omega-N-nitro arginine methyl ester (L-NAME, 3 mol/kg) and angiotensin II (15 ng/kg per min). Treatment with ouabain (18 g/kg) produced an increase in diastolic pressure of 19 ± 3 mm Hg but did not significantly alter the potency or maximal response produced by phenylephrine. In contrast, treatment with angiotensin II and L-NAME, agents known to enhance the actions of ␣-adrenoceptor agonists, increased the potency of phenylephrine. In animals in which the pressor actions of norepinephrine were evaluated before and after the administration of ouabain (6 g/kg), ouabain did not alter the pressor response to norepinephrine. Blockade of ␣-adrenoceptors with phentolamine was found to attenuate as well as partially reverse the increase in diastolic pressure produced by ouabain. These observations suggest that ouabain produces a pressor response by actions on sympathetic nerve endings as well as on vascular smooth muscle and that these actions do not alter the sensitivity to phenylephrine or norepinephrine. Key Words: Ouabain-PhenylephrineNorepinephrine-L-NAME-Angiotensin II.
Endogenous ouabain (ouabain or a closely related isomer) is thought to play a role in some forms of hypertension (1,2). Short-term and long-term administration of ouabain produces an increase in systemic arterial blood pressure (3) (4) (5) (6) (7) . In normal human volunteers (6) and rats (7) the short-term administration of ouabain in the range of 10-30 nmol/kg, i.v., produces a pressor response that is peripheral in origin. Long-term treatment with ouabain in rats produces a hypertension that appears to be mainly of central origin (8) . The primary site of action of ouabain is generally assumed to be the ␣-subunit of Na + ,K + -ATPase, which is a heterotrimer composed of ␣-, ␤-and ␥-subunits that exist in isoforms (9) (10) (11) . In the rat, but not other species, the ␣ subunit isoforms show marked differences in affinity for ouabain. The ␣ 1 , ␣ 2 , and ␣ 3 isoforms show low, high and very high affinities for ouabain that are in the ranges of 50-100 M, 30 nM, and 1 nM, respectively (12) (13) (14) .
Rat vascular tissue contains ␣ 1 , ␣ 2 , and ␣ 3 subunits (15). The ␣ 2 and ␣ 3 isoforms of the sodium pump appear to be preferentially localized on the plasma membranes in regions that are in anatomic communication with the sarcoplasmic and endoplasmic reticulum (16, 17) . The inhibition of the high-affinity isoforms of the sodium pump by nanomolar concentrations of ouabain at these sites (18) can produce an increase in the intracellular store of Ca +2 that is proposed to be readily available for release on stimulation (19) and to result in an amplification of the effect of agonists that cause a Ca +2 -dependent contraction (1, 19) . Ouabain alone produces a peripheral vasoconstriction in humans at doses between 10-30 nmol/kg, i.v. (6) . A subpressor dose of ouabain, 0.1 mg/m 2 , i.v., was shown to enhance the ability of a single dose of norepinephrine to increase mean arterial pressure (20) . In vitro, nanomolar concentrations of ouabain have been shown to enhance caffeine-induced contractures and to increase phenylephrine's ability to potentiate caffeine-induced contractions of rat isolated vascular preparations (21) . Collectively, these observations support the hypothesis that nanomolar concentrations of ouabain, which should selectively interact with the high-affinity ␣ 2 and ␣ 3 isoforms of Na + ,K + -ATPase, enhance the actions of vasoconstrictor agents. However, the effects of nanomolar doses of ouabain on a full-dose response curve for a pressor agent have not been reported. This type of analysis allows an evaluation of potential effects of ouabain on potency (ED 50 , dose producing one-half maximal response) and the maximal response.
The present studies were undertaken to evaluate the hypothesis that relatively low doses of ouabain (6 and 18 g/kg, which correspond to approximately 10 and 30 nmol/kg) produce an enhancement of the vasoconstrictor actions of ␣-adrenoceptor agonists. Our results show that in the reflex-blocked anesthetized rat, ouabain increases diastolic pressure by phentolamine-sensitive and -insensitive mechanisms. At the doses used, ouabain induced increases in diastolic pressure but did not alter the doseresponse curve for phenylephrine or the responsiveness to submaximal doses of norepinephrine.
METHODS

Animals, experimental groups, and experimental protocols
Male Wistar rats, 250-325 g, were used. All experiments were conducted in compliance with the guidelines for biomedical research as stated by the Brazilian Societies of Experimental Biology. On the day of the experiment, the animals were anesthetized with urethane, 1.2 g/kg, i.p. After the onset of anesthesia, cannulae were placed in the left common carotid and right and/or left femoral veins for recording blood pressure and pulse rate and drug administration, respectively. A 10-min stabilization period was observed before administration of any drugs. Before any treatments, all animals received hexamethonium, 10 mg/kg; propranolol, 1 mg/kg; and atropine, 1 mg/kg, in that order, to block autonomic reflexes. Five to 10 min after the administration of atropine, a short-term treatment or saline was administered. The following treatment groups were employed: control (saline, 0.1 ml/kg), ouabain (18 g/kg, which is 31 nmol/kg), L-NAME (3 mol/kg), and angiotensin II (15 ng/kg per min, infused at a rate of 22 l/min). Dose-response curves to phenylephrine (0.1-100 g/kg) were initiated 10-15 min after the administration of saline, 30 min after pretreatment with L-NAME, 15 min after angiotensin, or 60 min after pretreatment with ouabain, times at which the effects of the treatment agents on blood pressure were in a plateau. Studies on L-NAME and angiotensin II were included as positive controls because it is known that these agents can enhance the actions of ␣-adrenoceptor agonists (22) (23) (24) . To permit an evaluation of the effectiveness of the reflex blockade, dose-response curves to phenylephrine were generated in anesthetized rats in the absence of the blocking drugs and the changes in diastolic pressure and heart rate were measured.
In a separate group of animals, the effects of ouabain, 6 g/kg, on the pressor effects of submaximal doses of norepinephrine (01, 0.3, and 1 g/kg) were evaluated. These doses of norepinephrine roughly correspond to doses of phenylephrine that produce from 10% to 50% of the maximal response. In these animals the effects of norepinephrine on diastolic pressure before the administration of ouabain and at 60-75 min after the administration of ouabain were measured. This experimental design and dose of ouabain were used to more closely mimic human studies on the effect of ouabain on norepinephrine (20) .
In other experiments the effects of the nonselective ␣-adrenoceptor antagonist phentolamine, 3 mg/kg, on the pressor response to ouabain (18 g/kg) were determined. In three pilot experiments it was determined that this dose of phentolamine produced a 30-fold rightward shift in the dose-response curve for phenylephrine at 30-60 min after administration, which reversed to an approximately 20-fold dextral shift by 90 min after administration. The ability of phentolamine to prevent as well as reverse the pressor response to ouabain was evaluated. In the former experiments, phentolamine was administered 5-10 min after atropine and 10 min before ouabain, at a time when the depressor effects of phentolamine had stabilized. The diastolic pressure at 60 min after the administration of ouabain was used as the measure of the response to ouabain. In the reversal experiments, phentolamine was administered 60 min after ouabain, at a time when the pressor effects of ouabain had reached a plateau. Except as noted above, all drugs were administered by the intravenous route in saline at a volume of 0.1 ml/kg, followed by a 0.1 ml flush.
Blood pressure and pulse rate recording
Blood pressure was measured using a pressure transducer (model 1050BR, UFI, Inc., Morro Bay, CA, U.S.A.) and recorded using an interface and software for computer data acquisition (model MP100A, BIOPAC Systems, Inc., Santa Barbara, CA, U.S.A.). Pulse rates were determined from the intra-beat intervals.
Dose-response curves
Phenylephrine was administered in doses of 0.1-100 g/kg at approximately half-log intervals sequentially in an ascending order. The logarithm of the dose and the increase in the diastolic pressure produced by phenylephrine were used as the dose and response metameters (25) . The increment was measured from the base-line diastolic pressure before the dose of phenylephrine to the peak of the increase caused by phenylephrine.
Statistical analysis
The metameters for dose and response data were used in iterative nonlinear regression analyses to estimate the unknown parameters, E max , log ED 50 , and the slope factor that define the dose-response curve as given by the following equation:
where E is the observed change in diastolic pressure; E max is the estimated maximal change in diastolic pressure; X is the logarithm of the dose of phenylephrine; B, the index of potency, is the logarithm of the dose producing one half E max (log ED 50 ); and n is a curve-fitting parameter that defines the steepness of the dose-response curve. Data are presented as mean ± SEM. One-way ANOVA was carried out on the individual dose-response parameters (E max , log ED 50 , and n) to determine if treatments had an effect. Significance was determined by Dunnet's post hoc test for multiple comparisons to the respective control values. The effects of phentolamine on the pressor actions of ouabain and the effects of ouabain on the pressor effects of norepinephrine were evaluated by a repeated measures one-way ANOVA and Tukey's post hoc test for multiple comparisons was used to determine significance. In some cases, Student t tests were used. A p value of < 0.05 was considered significant. Dose-response and statistical analyses were performed using the program Prism3 (GraphPad Software, San Diego, CA, U.S.A.).
Drugs
Angiotensin II, diacetate tetrahydrate, atropine sulfate, hexamethonium dichloride, L-NAME hydrochloride, norepinephrine bitartrate, ouabain octahydrate, phenylephrine hydrochloride, phentolamine hydrochloride, D,L-propranolol hydrochloride, and urethane were obtained from Sigma Chemical Co. (St. Louis, MO, U.S.A.) All drugs except norepinephrine were dissolved in 0.9% saline and doses refer to the salt form used. Norepinephrine was dissolved in 0.1% sodium metabisulfate in saline and fresh solutions were prepared for each experiment. Table 1 shows the values for diastolic pressure of the experimental groups before and after reflex blockade and after treatments. There were no significant differences among the groups for diastolic pressures before or after reflex blockade. Relative to their values after reflex blockade, both ouabain and L-NAME produced significant increases in diastolic pressure (p < 0.05, paired t test). The sustained pressor effect of ouabain was slow in onset. Immediately after the injection of ouabain there was a small increase in pressure that returned to baseline values within 5 min. Approximately 40 min after ouabain injection, the diastolic pressure slowly increased to a plateau value by 60 min that was sustained for at least an additional hour (Rossoni LV and Vassallo DV, unpublished observations). All observations on the pressor actions of phenylephrine and norepinephrine were made within this time period. Saline treatment and angiotensin II at 15 ng/kg per min had no significant effects on diastolic blood pressure (p > 0.05, paired t tests). Figure 1 shows dose-response curves for phenylephrine-induced changes in diastolic pressure and pulse rate in the control animals with and without reflex blockade and in ouabain-treated rats with reflex blockade. These results show that the reflex blockade produced an inhibition of 87%-100% of the baroreceptor reflex-induced decrease in pulse rate evoked by the pressor actions of phenylephrine. In the presence of reflex blockade there were no significant differences in the dose-response curves for changes in pulse rate for the control and ouabain reflex-blocked groups. Similarly, there also were no changes in pulse rate after norepinephrine administration to reflex-blocked animals before and after the administration of ouabain (data not shown). Figure 2 shows the absolute diastolic pressures before and after the administration of phenylephrine in control and ouabain-treated animals. Here it is seen that ouabain at 18 g/kg, i.v. ,   FIG. 1 . Dose-response curve for the effects of phenylephrine on changes in diastolic pressure (DP) and pulse rate (PR) in control rats with reflexes intact (RI) and with reflexes blocked (RB) and in rats treated with ouabain (18 µg/kg) after reflex blockade. The open symbols depict changes in diastolic pressure and the corresponding closed symbols depict changes in pulse rate. Symbols and bars show mean ± SEM (n = 6 per group). Where no bars are seen, the value of the SEM is within the area covered by the symbol. The basal values for pulse rates were control RI, 315 ± 19; control RB, 298 ± 10; and ouabain RB, 284 ± 3 beats/min. caused a significant (p < 0.005, paired t test) increase in the "basal" diastolic pressure of 18.8 ± 3.2 mm Hg. However, as shown in Table 2 , short-term administration of ouabain had no effect on either the sensitivity (log ED 50 ) or the responsiveness (E max ) for phenylephrine. Table 2 shows the dose-response parameters, log ED 50 , maximal change in diastolic pressure, and slope parameter, for phenylephrine in the various experimental groups. The log ED 50 values for phenylephrine in the L-NAME and angiotensin II groups were significantly less than that of the control group (corresponding ED 50 values are 1.3 ± 1.0 and 3.2 ± 1.2 g/kg vs. 8.7 ± 1.2 g/kg, respectively), showing an increase in the potency of phenylephrine. The log ED 50 of phenylephrine in the ouabain group (the ED 50 value was 6.3 ± 1.3 g/kg) was not significantly different from that of the control group. The maximal change in diastolic pressure produced by phenylephrine was decreased in the L-NAME group. Although L-NAME, at this dose, reduced the maximal change in diastolic pressure produced by phenylephrine, there were no significant differences in the values for the actual diastolic pressures produced by phenylephrine among any of the experimental groups. None of the drug treatments altered the slope factor for the dose-response curves.
RESULTS
Ouabain at 6 g/kg, i.v., produced an 8 ± 2 mm Hg (p <0.05, paired t test) increase in the diastolic pressure. Figure 3 shows the increases in diastolic pressure produced by norepinephrine before and at 60-75 min after ouabain administration. After administration of ouabain, there were no significant effects on the responses to norepinephrine. Figure 4 shows the effect of phentolamine on the pressor actions of ouabain. Panel A shows the effects of phentolamine on the established pressor response to of ouabain, panel B shows the effect of pretreatment with phentolamine, and panel C shows the increase in diastol- ic pressures produced by ouabain in the absence of phentolamine and in the presence of phentolamine. Pretreatment with phentolamine produced a small but significant decrease in diastolic pressure of 7.5 ± 3 mm Hg (p < 0.05, repeated measures one-way ANOVA followed by Tukey's post hoc test, n ‫ס‬ 6). At 60 min after the subsequent administration of ouabain (70 min after phentolamine) there was a significant increase (p < 0.01), 11 ± 4 mm Hg, in the diastolic pressure relative to that following phentolamine administration. The resultant diastolic pressure was not significantly different from the control diastolic pressure before phentolamine administration (p > 0.05). When phentolamine was administered at the plateau of the pressor effect of ouabain, the change in diastolic pressure was reversed from an increase of 20 ± 2 mm Hg to an increase of 8 ± 3 mm Hg above the pre-ouabain control diastolic pressure of 57 ± 3 mm Hg. The increase in diastolic pressure produced by ouabain in absence of phentolamine, 20 ± 2 mm Hg, was significantly different from that produced in the presence of phentolamine, 11 ± 4 mm Hg (p < 0.05). These results show that the pressor response to ouabain was both partially prevented and partially reversed by phentolamine.
Collectively, the results of the experiments with ouabain at 18 g/kg show that it produced very similar increases in diastolic pressure of 18.8 ± 3.2 and 20.0 ± 2.2 mm Hg. At a dose of 6 g/kg, the increase in diastolic pressure produced by ouabain, 8 ± 2 mm Hg, was less than that produced by 18 g/kg, showing a doserelated effect of short-term administration of ouabain on blood pressure.
DISCUSSION
The results of the present study show that relatively low doses of ouabain, 6 and 18 g/kg, i.v., (approximately 10-30 nmol/kg) cause dose-related increases in diastolic blood pressure in the anesthetized, reflexblocked rat. In rats, the latter dose and route of administration of ouabain has been shown to produce a peak plasma level of 40 nM within 10 min that returns to preinjection levels by 2 h, with increased urinary excretion of ouabain for 6 h after administration (26) . The results of studies from this laboratory (Rossoni LV, Vassallo DV, unpublished observations) showed that this dose of ouabain produces an increase in mean arterial pressure that reaches a plateau in 1 h and is maintained for at least 1 h. All of the observations made on the pressor responses to phenylephrine and norepinephrine were carried out during this time when the pressor response to ouabain was constant and under conditions of
FIG. 3.
Effect of ouabain on the pressor response to norepinephrine (NE). Data are the mean ± SEM for four animals. Responses were obtained to norepinephrine before and at 60-75 min after the administration of ouabain (6 µg/kg). The diastolic pressure before and after the administration of ouabain was 60 ± 3 and 68 ± 5 mm Hg. The increase was significant (p < 0.05, paired t test). Ouabain did not alter the responses to submaximal doses of norepinephrine. reflex blockade. Under these conditions, changes in diastolic pressure should reflect direct actions on the vasculature that are not modulated by autonomic reflexes. Importantly, we observed that in reflex-blocked rats, baroreceptor-mediated decreases in pulse rate were largely abolished to the same extent-100%-87% depending on the dose of phenylephrine-in control and ouabain-treated rats. This observation shows that the blockade was effective and that reflexes did not unduly influence the dose-response curves for the pressor actions of phenylephrine. Because we wished to avoid potential effects of ouabain on baroceptor reflexes (27) (28) (29) that might interfere with the short-term pressor effects of phenylephrine, we did not study the effects of ouabain on phenylephrine in animals with intact reflexes.
Because reflexes were blocked, we conclude that the short-term pressor effects of ouabain were peripheral in origin and not related to its direct central nervous system actions (8, 27) or its actions at sensory afferent nerve endings (28) (29) (30) . The results of our experiments with phentolamine suggest that in the present study the pressor actions of ouabain were mediated indirectly by norepinephrine released from sympathetic nerves as well as by a direct action on vascular smooth muscle cells. Presumably, both actions were due to the inhibition of Na + ,K + -ATPase. Indirect and direct contractile actions of ouabain have been reported (6, (31) (32) (33) . Low micromolar concentrations of ouabain and acetylstrophanthidin potentiated the vasomotor response to adrenergic nerve stimulation in canine isolated arteries and veins under conditions in which the direct contractile actions of norepinephrine were unaltered and those of a selective ␣ 2 -agonist only slightly enhanced (32, 33) . In human volunteers, the short-term in vivo vasoconstrictor responses to doses of ouabain similar to those used in the present study were not altered by pretreatment with guanethidine (6). In the rat, both mechanisms appear to be operative.
The potency, ED 50 , of phenylephrine to increase diastolic pressure found in the present study, 8.7 g/kg, agrees fairly well with values of 6-7 g/kg reported in the literature (34, 35) . Also in agreement with the literature, we find that L-NAME and angiotensin II can increase the potency of phenylephrine (22, 23) . Because there were no significant differences among the maximal diastolic pressure produced by phenylephrine in any of the treatment groups, the effects of the higher doses of L-NAME on the maximal change in diastolic pressure produced by phenylephrine were most likely caused by the pressor effect of L-NAME, which imposed a lower limit on the maximal change that could be obtained. In contrast to the results obtained with L-NAME and angiotensin II, ouabain elevated the base-line diastolic pres- sure but did not alter the ability of phenylephrine to produce an increase in diastolic pressure. Because the baseline was elevated, the resultant diastolic pressure was higher, but the increment above baseline produced by phenylephrine was not altered. Relative to the control group, neither the potency nor the maximal response of phenylephrine was altered in the group treated short term with this dose of ouabain. Similarly, we found that ouabain did not alter the responsiveness to norepinephrine. We evaluated the effects of a lower dose of ouabain on the pressor actions of three submaximal doses of norepinephrine in the same animals before and after the administration of ouabain and found no changes in the response. Under the conditions used here, ouabain did not sensitize the vasculature to the actions of phenylephrine or norepinephrine. Instead, our results show that the pressor effects of ouabain and these ␣-adrenoceptor agonists were simply additive.
In view of the previous reports that cardiac glycosides enhance the actions of pressor agents (20, 36) , the present observations were unexpected. However, in many of the these studies, full dose-response curves for vasoconstrictors, norepinephrine and angiotensin or phenylephrine, were not generated, so it is difficult to determine if the treatments produced an increase in responsiveness or an increase in the potency of the agonist, or both. In one study in which several doses of norepinephrine and angiotensin II were used, it was observed that short-term treatment with digoxin increased the ability of these agents to increase mean arterial pressure (36) . Interestingly, these data show that this was due to increases in systolic pressure responses and not diastolic pressure responses.
In studies that showed that nanomolar concentrations of ouabain produced a slight enhancement of caffeineevoked contraction of isolated vascular preparations and that ouabain enhanced the ability of phenylephrine to enhance the actions of caffeine (21) , no results were reported on the direct interactions between ouabain and phenylephrine. The results of other studies using rat isolated thoracic aorta preparations show that ouabain at concentrations of less than 10 M had no contractile actions and no effect on concentration-response curves for phenylephrine (37, 38) . Ouabain at 100 M increased the maximal response to phenylephrine without altering the potency of phenylephrine in aorta from one-kidney, one-clip renal hypertensive rats and had no effect on the actions of phenylephrine on aorta from one-kidney nonhypertensive rats (38) . Previous studies from this laboratory showed that 100 M ouabain enhanced the actions of phenylephrine in the rat isolated tail vascular bed preparation (39) and suggested that 10 nM ouabain also increased the responsiveness to phenylephrine (7) . In the latter studies, only a limited dose range that corresponds to the lower portion of a dose-response curve for phenylephrine was used. The results of more recent studies (40) with the rat perfused isolated tail vascular bed preparation in which full dose-response curves for the change in perfusion pressure produced by phenylephrine showed that 10 nM ouabain had no effect on the potency of phenylephrine and produced a small increase in the estimated maximal response.
In contrast, the enhancing effects of ouabain and acetylstrophanthidin on the vascular response to adrenergic nerve stimulation are readily seen at concentrations of less than 10 M (32,33) . It is also of interest to note that low micromolar concentrations of ouabain and dihydroouabain have been shown to enhance the actions of serotonin on rabbit isolated ear arteries by a Na + ,K + -ATPase-independent mechanism (41, 42) .
It could be argued that the use of anesthetized animals precluded the demonstration of an ouabain-enhanced sensitivity and responsiveness to phenylephrine and norepinephrine. However, the results of the experiments with the short-term administration of L-NAME and angiotensin II clearly show that the measuring system used can be manipulated to cause an increase in the potency of phenylephrine and that this can occur in the absence of any measurable changes in diastolic pressure. Additionally, the effects of ouabain on afferent baroreceptor nerve activity are readily demonstrable in rats anesthetized with urethane (29, 30) . Although it does seem likely that there was an interference with the anesthetic, experiments in wake animals are required to fully evaluate this possibility.
The results of the present study do not support the notion that nanomolar concentrations of ouabain enhance the actions of vasoconstrictor agents in anesthetized rats. Although the present study has the limitation of only addressing the short-term actions of ouabain in anesthetized animals, the results of recently published experiments on the effects of long-term administration of ouabain show that the potency and maximal response of phenylephrine is reduced in some isolated vascular preparations (5, 43) . It would seem that the role of endogenous ouabain in hypertension is not that of simply amplifying contractile actions.
